Saffron in aqueous solution was studied via electrochemical analysis with KCl as a supporting electrolyte using cyclic voltammetric technique to determine the redox current peaks at different concentration, pH and scan rate (SR). It was found that an oxidation current peak appeared at potential +268 mV and two reduction current peaks at −282 and −850 mV. The oxidation current peak of saffron disappeared in alkaline medium at pH = 12. An enhancement was observed in acidic medium at pH = 6. Based on Randel equations and by using different scan rates, the diffusion coefficient (D f ) for oxidation-reduction current peaks of saffron in KCl solution was determined with nearly equal values as of 1.87×10 −5 and 1.12×10 −5 cm 2 /s, respectively. The results indicate a low detection limit of the different concentrations of saffron in KCl solution as determined from the calibration graph, and a high reliability revealed by the relative standard deviation (RSD). Stability of the GCE for oxidationreduction current peaks was recorded as ± 7.12% and ± 1.04%, respectively.
Introduction
Scientists have done much research studying the electrochemical behavior of chemical compounds in aqueous electrolytes by cyclic voltammetry (CV) [1] [2] [3] [4] [5] . Saffron in aqueous solution is a compound instruction from saffron crocus flower; picrocrocin is responsible for saffron's flavour. The chemical formula of picrocrocin is C 16 H 26 O 7 ; the chemical name is 4-(β-Dglucopyranosyloxy)-2, 6, 6-trimethylcyclohex-1-ene-1-carboxaldehyde); and the chemical structure is shown in Scheme 1 [6] .
The electrochemical properties of saffron were investigated by CV and square wave voltammetry (SWV) at plane and multiwalled carbon nanotubes Scheme 1 Structure of picrocrocin. modified carbon electrode (MWCNT/CE). Saffron produces an anodic peak at MWCNTs modified CPE with a quasi-reversible nature in buffer solution. The application for the quantitative analysis of saffron (Crocus sativus) was determined by the detection limit with low value [7, 8] . Saffron was characterized by electrochemical analysis using voltammetric method; different concentrations with calibration model were optimized in fast response [9] .
I-motif and anti-cancer drugs were studied by electrochemical techniques by using CV and differential pulse voltammetry (DPV) methods to determine and characterize saffron carotenoids on the modified electrode for treatment of the drugs [10, 11] . Three natural drugs of crocin, kaempferol and podophyllotoxin were evaluated as antioxidant medicine by cyclic voltammetric technique using multi-walled carbon nanotube paste electrode (MWCNTPE) at acidic pH 4.5. It was found that the scavenging ability of these drugs with oxidation property produced by electrochemical reduction of oxygen [11] . The electrochemical performance of m-AgSAE for the reduction of tetrachlorvinphos was evaluated using CV, DPV and SWV, respectively. It was applied for the detection of organophosphate pesticide tetrachlorvinphos in pH 7 buffer solution; it also offers new possibilities for fast and sensitive analysis of tetrachlorvinphos and its structural analogs in environmental samples [12] .
In this study, cyclic voltammetric method was used to analyze the saffron compound in KCl electrolyte by glassy carbon electrode (GCE) to determine the electrochemical properties of redox current peaks for saffron compound.
Experimental

Materials and method
Saffron was supplied from EDMAN Company, Iran as solid material which dissolved in deionized water after filtering by filter paper to be used in the experiments. KCl as powder was from SCRC, China. And NaOH was from BDH Company, Germany.
Instrument: Potentiostat
An instrument of EZstat series (Potentiostat/ Galvanostat) from NuVant Systems Inc., USA was used in the experiments. The electrochemical bioanalytical cell was connected to a potentio-stat device and was monitored by special software to perform CV.
Silver-silver chloride reference electrode (Ag/AgCl in 3 M NaCl) and platinum wire (1 mm diameter) were used as a reference and counter electrode, respectively. The GCE was used in this study after being cleaned with alumina solution and treated with ultrasonic path water for 10 min. The three electrodes were immersed in cyclic voltammetric cell (10 mL) with the solution.
Results and Discussion
Study of different concentrations of saffron in KCl solution (calibration graph) Fig. 1 illustrates the cyclic voltammogram of saffron solution in supporting electrolyte (0.1 M KCl) at different concentrations (0.1-0.5 mM). The oxidationreduction current peaks of saffron at potential +125 and −200 mV, respectively. An enhancement was observed to higher current against the increasing in concentration and the shifting to higher potential [13] . As shown in Fig. 2 , a low detection limit of calibration graph was found with high sensetivity of the graph R The results confirmed that the electrochemical method by CV is very sensitive to saffron in KCl solution and can be considered in CV techinque [11] [12] [13] [14] .
Effect of different pH
Saffron compound has especial electrochemical behavior for oxidation-reduction current peaks at different pH, which is shown in Table 1 and discussed in Fig. 3 . The oxidation peak was enhanced in acidic medium and disappeared in alkaline medium, while the reduction peak remained in both media (acid and base). The relationship of oxidation-reduction current peaks of saffron in acidic and alkaline media is shown in Fig.  4 and 5, respectively [15] .
Effect of different scan rate
One of the electrochemical properties which was used to characterization saffron was different scan rates, so as to confirm the redox current peaks and also to calculate the diffusion coefficient by Randel equation [16] . Fig. 6 shows the effect of different scan rates on the oxidation-reduction current peaks. It is revealed that the current was enhanced with increasing the scan rate (Table 2) , and there was a good relationship between the oxidation-reduction current peaks and the scan rate ( Fig. 7 and 8 ). The equation for oxidation peak is y ＝ 685.61x ＋ 0.4067, with high sensitivity as R 2 ＝ 0.9916, and for reduction peak is y ＝ 411.94 ＋ 7.5933, with sensitivity as R 2 ＝ 0.9979 [17] .
Diffusion coefficient (D f )
The usual of mathematical method can be used in finding the D f of redox process for the saffron compound in KCl solution from Randles-Seveik equation which describes reversible redox couple and the peak current [18, 19] :
where, I p is the current peak; n is the number of moles of electrons transferred in the reaction; A is area of the electrode; D f is the diffusion coefficient; and V is scan rate of the applied potential.
It was found that the D f of oxidation-reduction process of saffron in KCl solution was 1.87 × 10 -5 and 1.12 × 10 -5 cm 2 /sec, respectively [19] [20] [21] .
Reliability and stability study
Saffron compound in KCl solution was studied by GCE in CV. To ensure that the results were reliable in this study, ten times of scanning was used for the voltammogram (Fig. 9) , and the relative standard deviation (RSD) was determined for both oxidationreduction current peaks of saffron as of ± 7.12% and ± 1.04%, respectively [21] [22] [23] . 
Conclusions
